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PREFACE

This paper considers the problem of allocating weapons to
achleve targeting objectives while simultaneously minimizing
aggregate damage to surrounding nonmilitary facilities, each
of which has an upper limit to the damage it 1is permitted to
incur. A model 1s formulated which assumes only that damage to
individual targets or assoclated faclilities does not decrease
as the number of allocated weapons increases. An implicit
enumeration algorithm, based on that of Lawler and Bell (see
Reference [3]), is described that ylelds optimal integer solu-
tions. An example is presented.

This paper differs from IDA paper P-1106 (Reference [2])
in that it presents the full generality of the collateral damage
minimizing model, whereas P-1106 describes a model (NDM)
tailored to specific design requirements. In addition, the code
listed in the Appendix may prove a prototype for a modified NDM
with greatly decreased run times.




A TARGETING MODEL THAT MINIMIZES COLLATERAL DAMAGE

One of the assumptions behind the argument to employ
counterforce targeting of strategic weapons (the targeting of
an enemy's strategic capability), as opposed to countervalue
targeting (the objective of which is the destruction of popu-~
lation and economy), 1s that sufficient destruction of strategic
targets can be achleved without causing appreciable damage to
the surrounding nonstrategic facilities. This paper presents
a model which addresses the following two questions: Given a
collection of weapons, potentlal aimpoints, and a configuration
of strategic targets--each being assigned a minimum level of
damage; and nonstrategic facilities--each having a maximum
level of permissible damage,

(A) Is there an assignment of weapons to aimpoints (an

allocation) that satisfies the above two sets of
constralints?

(B) Of all allocations satisfying the above two sets of
constraints, what is the one (or a one) that minimizes
the (perhaps weighted) sum of the damage to the non-
strategic facilities?

MATHEMATICAL FORMULATION

The fundamental elements of the model are M strategic
targets, henceforth called simply "targets,”" N nonstrategic
facilities, or "nontargets," I different weapon types, and
J potential aimpoints to which any weapon can be directed. An
allocation z 1is the matrix (zi’J|i=l,...,I; j=1,...,J} where
Zi,J’ an integer, 1s the number of weapons of type 1 allocated
to aimpoint j.




For each target m, we suppose a real-valued response
function fm(g) which represents the damage to target m from
allocation z. We require that fm(g) be monotonically non-
decreasing in each component of 2, which 1s an implicit assump-
tion that, given any allocation, the allocation of additional
weapons does not result in less damage to any target. Each
target m is assigned a real number, o which is the minimum
damage requirement (targeting objective), i.e., for an alloca-
tion z to be feasible, it must satisfy fm(g) > e, m=l,...,M.

Similarly, for each nontarget n there is a response func-
tion gn(g), monotonically nondecreasing in each component of Z,
and a real number dn denoting the maximum damage permitted to
this nontarget. Further, each nontarget n is assigned a non-
negative welght, or value, An

The nonnegative integer Wy is the number of weapons of
type 1 avallable for allocation.

We can now combine questions (A) and (B) into the follow-

ing problem P:

N
Minimize h(z) = } Angn(g) subject to (1)
z - n=1 '
£.(z) > ¢ m=l,...,M ; (2)
gn(g) <4 n=1l,...,N ; (3)
J
) z <w ), ,saT ¥ (4)
4o 154 1
i
2y € / 1=1,...,I; §=1,...,J ; (5)
3

where 2Z+1s the set of nonnegative integers. If problem P 1s
infeasible, then the answer to question (A) 1s clearly "no,"
otherwise an answer to question (B) 1s ensured because the num-
ber of allocations which satisfy constraints (4) and (5) 1is
finite.




IT. AN ALGORITHM

Problem P admits solution by implicit enumeration. The
following algorithm is based upon the lexicographic technlque
of Lawler and Bell (see Reference [3])--though, unlike the
Lawler-Bell approach, thils algorithm does not use binary vectors.
We first identify the matrix z with a vector é. This can be done
in a number of ways, one of which 1s through the following
relationship:

-~

z k=1 + (J-1)-I; 1=1,...,I; J=1,...,J . (6)

k -~ 21,3

Note that this can be reversed as follows:

_ s - k-1 \ . _ /k-1 o -
Zy g = Z, 1=k- <—I > T <—1 > +1; k=1,...,K=I.J.

where (x> 1s the largest integer less than or equal to x.
With this in mind, we will drop the circumflex, and in the dis-
cussion that follows, all allocations will be vectors in ZZ;,
i.e., K-dimensional vectors with nonnegative integer components.
We require two binary relations between vectors in ZZ;:

Componentwise (partial) Ordering:

We write x > y if X 2 ¥y k=1l,...,K
X >y b i x>y and xk > yk for at least one k.
Lexicographlc Ordering:

> Yy - Where k7 = max {k|xk # Vel

We wrilte x Kk *
- 1<k<K

SN A Bl pe
L ~

and x 2 y if X >yorx-=y.

~ L~ L~ -
+ e
Let & = {EEZKIZkf_Wh for k=1,...,K, h=k-{Ez1%. I} :

Thus ¢ is a set of allocations that satisfy constraint (5) of
problem P, and clearly contalns all allocations that satisfy

constraint (4), and so must contain all solutions to problem P
providing problem P is feasible. Since % totally orders ¢,
we could enumerate all the points of d? and find the solution

to P in this manner. However, the monotonicity of the

3




objective and constraint functions will permit us to skip over
many infeasible and/or nonoptimal points. To see thils, we
need some notation. Consider a vector gee?. We will denote
by E+l the vector x, if 1t exists, satisfying

e &

&

(7)

iR

'
BV bV
S

2 5 ¥ >X .

.4 ~ LN

At most one such vector exists, but may fail to exist because
of the boundedness of &. The vector z-1 will be that vector

X, 1f it exists, satisfying

&

m

&

(8)

N

N
YV oV
]

I=>221-
This vector will always exlst except for 2 = 0. The vector z*
wlll be that X, if it exists, satlsfying

e &

IR T
I

W v

(9)

£

(

Intuitively, z* is the first vector in &'following z (in the
lexicographic ordering) which is not (componentwise) greater
than or equal to Z. For some z, E* may not exlst; however, we
will adopt the following convention: For any z for which E*

does not exist, we wlll set

(z*-l)k = Wy for h=k- <-k_Tl-> . I, k=1,...,K ,

\

185

>Z)A(ya¥23) > ¥y X
L~ ~ ~ ~L~

R

thereby ensuring that z*-1 exists for every ged?. Crucial to the

algorithm 1s the observation that for any ged?, any y that
satisfies z < y <, z¥%¥-1 also satisfles y > z.
~L. ~ ~

~L ~

b




Figure 1 outlines the fundamentals of the algorithm. A
brief 1nspection of the flow chart will make clear that the
algorithm must terminate after a finite number of steps. If
h = = upon termination, the problem 1is infeasible, otherwise
an optimum 1nteger allocatlion willl always be found. The order
in which the constralnts are examined was chosen because, for
certaln applications, this order was efficlient. However, we
make no clailm that this is, in any sense, an optimal ordering.
For other applicatlons, a different sequence of constraint
evaluations might well prove to be better.

ITI. A CLASS OF EXAMPLES

We will now look at a class of examples with point targets
and nontargets, where the destruction of any target or nontarget
1s a binomial random variable with probabllity of kill dependent
on the allocation, but with independent weapons effects. We
will use Cartesian coordinates to specify location, in particular,
target coordinates are (xm,ym), m=1l,...,M; nontarget coordlnates
are (un,vn), n=l,...,N; and aimpoint coordinates are (EJ,CJ),
J=1,...,J. For response functions we will employ "probability
of k111" which 1s computed as follows: Let pi .3 be the probabil-
ity that a single weapon of type 1, allocated to aimpoint J,
destroys target m, conditioned on the weapon's arrival at i1ts
destination. The probabllity that a type-1 weapon arrives at
its destination, 1ts "reliabllity," 1is given by Py Because we
have assumed independence of weapon effects, 1t 1s not difficult
to compute the total probability that target m 1s destroyed by
allocation z, which is

£ (z) =1 - v (1-p,p] J)zi’J
1=1 j=1 ’

Similarly, we denote by pi )3 the conditilonal probability

that a single type-1 weapon allocated to aimpoint J destroys
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Figure 1. AN IMPLICIT ENUMERATION ALGORITHM




nontarget n. Therefore, the probabllity that allocation 2z
destroys nontarget n 1is

I Jd z
g (z) =1- = = (l—oipg ) 14
» 1=1 j=1 »J

Although the values of the parameters {pT J} and {pg J}
can be entirely arbitrary, within the obvious 1imits ’

0 < pT’J <1 m=1l,...,M; 1=1,...,I; J=1,...,J ,
0 < pg,J <1 n=1,...,N; 1=1,...,I; J=1,...,J ,

we will use, for tutorial purposes, the following formulae,
which are not unreasonable approximations to certaln types of
weapon damage curves and have been proposed by other analysts
(see, for example, Eckler, Reference [1], or McNolty, Reference

(4]):

D?’J = exp ;—ui’m[(xm—ﬁj)2+(ym—CJ)2]2 m=1l,...,M; 1=1,...,I; J=1,...,J .
10

p?,J exp g-ei,n[(un—sj)2+(vn-cj)2] £ =1,...,N; i=1,...,I; J=1,...,J

where all @y o Bi n are nonnegative real numbers. The param-
eters {ai m},and {éi n} are measures of the rate at which weapon
3

effects décrease with distance.

With these conventions, we can now write explicitly the
problem P° which comprises this class of examples:

P“: Given nonnegative welghts An’ n=1l,...,N, and the values of
cme[o,l] m=1l,...,M
dne[O,l] nsly. .. ol
+
Wiezz I=);:i..,1
pie[O,l] 1al,. i1




ui,m >0 1=1,...,I; m=1l,...,M
Bi - 0 ™l caanplh %, . . N
XY m=1, . 5. ,M
Mo Vp n=1l,...,N
Ej’cj J=1,...,d
@ = ] p J( : 2|
minimize h(z) = All-n «({l-p exp)-B [(u -£,) +(v ~-z,) ]$
5 SR O e 1,n[*n™5%) n -3
subject to
fn(2) =
I J - 21 )\1sd
1- 121 311 l—piexpi—ai,m[(gm-EJ) +(ym—CJ) ]i) > ¢ m=1,...,M
g, (z) =
I J . v )\ 1sd
Lo 1:1 Jll(kwiexPa—BiﬂiﬁunfEJ) +(vn-CJ) ];) 5'dn el oo gl
I
s < W i=1,...,I
g 1= '
3
Z, g€ / 1=1,...,I; J=1,...,J .

IV. COMPUTER APPLICATIONS

A FORTRAN routine to solve problems of the type given by
P- was written for the CDC 6400 computer, and was used to solve

the numerical example of this section.
gram, along with input formats are given in the Appendix.)
values of the parameters are listed in Tables 1-6.

(A 1listing of this pro-
The
The configura-

tion of the targets, nontargets and aimpoints 1s depicted 1n

Figure 2.

The routine ran for flve seconds to compute the optimal

solution, z, given in Table 7.
8




Table 1. TARGET PARAMETERS
M=2
xm ym cm
1 -1 ] o .8
m
2l 1] o |.s
Table 2. NONTARGET PARAMETERS
N=4
un vn Xl’l n
12 ol 2 |.3
2 -1 -1 4 .8
n
3fl 1] 1| 6 |.3
4 2| o] 8 |.3
Table 3. AIMPOINT PARAMETERS
=5
81 | %
1] -1 | 1
2l -1 | o
3 3 0 0
4 1| o
s 1| -1
Table 4. WEAPON PARAMETERS
I=?
Wy | Py
—_—
1] 6] .9
i
2 " 6 | .7
Table 5. COMPONENTS OF g
m
1| 2
1] 1]
1
2 a5 )

Table 6. COMPONENTS OF g
n
1 2 | 3] &
S IR NS IS T
2 |.s | .8 [.8].8
Table 7. OPTIMAL ALLOCATION 2
z
J
1|23 |45
1fofo|o]o]o
1
2f2]ol1]o]o2
h(z) = 5.2 g (2) = .28
£,(z) = .83 g,(2) = .24
fo(z) = .83 g3(z) = .2k
Su(é) ] -28
Table 8. OPTIMAL ALLOCATION 2~
.
1] 2(3]4]s
1l ol o]ofo]o
2 0 0 3 0 0
h(z*) = U.5 g,(z") = .08
£(z7) = .81  gy(z") = .37
£,(z) = .82 gy(z) = .37
gu(?_‘) = .08




42
O T! ®)
D Inal Fan
U/ E o ﬂ
-1 -2 0 1 2
O T O
® TARGET
1.2 O NONTARGET
O AIMPOINT
7-22-75-18

Figure 2. CONFIGURATION OF THE EXAMPLE

It is interesting to note that 1f all the di
to 1.0, which 1s equivalent to removing the individual non-

are changed

target damage constraints, then the optimal allocation is 27,
given in Table 8. 1In this latter case, we have reduced total
collateral damage over that given in Table 7, but only at the
expense of considerably greater damage to two of the nontargets.

10
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APPENDIX

FORTRAN LISTING AND INPUT SPECIFICATIONS




FORTRAN LISTING

PROGRAM MDLTWO(INPUTeOUTPUT)
COMMON/LIMITS/NOTARyNONONoNOATMy NOWE AP
COMMON/TARGETS/XTAR(10) s YTAR(10) yDEST(10)
COMMON/NONTAR/XNON(10) yYNON(10) »FACTOR(10) »UPNOND (10)
COMMON/ATMPNTS/XAIM(100),YAIM(100)
COMMON/EWEP/IWNUM(10) sRELBL (10) vEFFTAR(10e10) 9EFFNON(]10010)
COMMON/SCRATCH/PKT(109100100) yPKN(10+109100) 9 TPRESAL(1000)
ITARSURV (10) o IBTNAL (1000) +BTNTS(10) ¢NTV(10) 1SV IFLAG,NFLAG,BTNNTS
298TNNTV (10) s NONFLAG
CALL READIT
CALL CALCpRB
CALL LEXO
CaLL OUT
END




20
15

30
25

40

200
300
100

1

SUBROUTINE READIT
COMMON/LIMITS/NOTARyNONON,NOA My NOWE AP
COMMON/TARGETS/XTAR(10) s YTAR(10) yDEST(10)
COMMON/NONTAR/XNON(10) s YNON(10) s FACTOR (10} sUPNOND (10!

COMMON/ ATMPNTS/XAIN(100) s YATM(100)

COMMON/EWEP /IWNUM(10) oRELBL (10) 9EFFTAR(10910) +EFFNON(10410)
COMMON/SLRATCH/PKT (109109100) ¢PKN(1091090100) 9 IPRESAL(1000)
LTARSURV (10)  IBYNAL (1000) sBTINTS (10) yNTV (1) 98V IFLAGyNFLAGsBTNNTS
29BTNNTV (10) s NONFLAG

READ1 o NOTARyNONON NOAIMoNOWEAP

FORMAT (4110)

00 5 IslINOTAR

READ1IOXTAR(I) o YTAR(I) 4DEST(])

FORMAT (3F10,6)

CONTINUE

DO 15I®) s NONON

READ20 s XNON(I) s YNON(I) sFACTOR(I) ¢UPNOND (1)
FORMAT(4F10,6)

CONTINUE

DO 251=] ¢NOAIM

READ3IOIXATM(I) o YAIM(I)

FORMAT(2F10,6)

CONTINUE

D01001=]1 s NOWEAP

READAO« IWNUM(I) yRELBL (1)

FORMAT(I109F10,6)

READ200s 'EFFTAR(I, M) yM®] 4NOTAR)

READ3009 (EFFNON(IoN) oNm) ¢ NONON)
FORMAT(8F10,6/12F1046)

FORMAT(8F10,6/92F10,6)

CONTINUE

RE TURN

END




10

20

SUBROUTINE CALCPRB

COMMON/LIMITS/NOTARyNONONyNOATMINONEAP
COMMON/TARGETS/XTAR(10) s YTAR(10) ¢+DEST (10)
COMMON/NONTAR/XNON(10) » YNON(10) ¢yFACTOR(10) sUPNOND(10)
COMMON/AIMPNTS/XAIM(100) ,YAIM(100)

COMMON/EWEP/IWNUM(14) 9RELBL(10) vEFFTAR(19910) sEFFNON(}1g0]1 )
COMMON/SCRATCH/PKT(100100100) yPKN(109109100) 9 JTPRESAL'1000)

LTARSURV (I0) ¢ IBTNAL (1000) +BTNTS(10) oNTV(10) 9SVoIFLAG,NFLAG,BTNNTS

29BTNNTV (10) sNONFLAG

D010Mal o NQTAR

00101I=],NQWEAP

D010Jul o NOATM

WHeEFFTAR(ToM) @ ((XATMIJ) =X TAR(M) ) #0224 (YATM( ) =YTAR (M) ) #02)
PXT(MypIod)oRELBL(T)®EXP (=wW)

CONTINUE

DO2QN=] s NONON

00201=lyNoWEAP

0020 ml o NOATM

WHBEFFNON(ToN)®((XAIM(J)=XNON(N))®®24 (YATM(J)=aYNON(N))®®2)
PKN(NoIoJ)®RELBL (]) ®EXP (=WW)

CONTINVE

RETURN

END




OCOOOOOOO

9000

C
gboe

8003

10

11

12

SUBROUTINE LEXO
THIS SUBROUTINE FINDS AND STORES THg OPTIMAL ALLOCATION USING
LEXICOGRAPHIC ENUMERATION AFTER LAWLER=BELL, OPTIMAL VALUES ARE
STOKED AS FOLLOWSe=
BTNNTSe=TOTAL NONTARGET SURVIVAL LEVEL (FROM NTS)
2999999999, 1F NO FEASISLE SOLUTION Is FOUND
IBTNAL(e9,) «=OPTIMAL ALLUCATION
BINTS (o) ==RESULTING TARGET SURVIVAL LEVEL (FROM TARS)
BINNTV(e)=a=INDIVIDUAL NONTARGET SURVIVAL LEVELS (FROM NTS)
COMMON/LIMITS/NOTAR ¢ NONONyNOA M9 NOWEAP
COMMON/TARGETS/XTAR(10) ¢ YTAR(10) yDEST(10)
COMMON/NONTAR/XNON(10) o YNON(10) o FACTOR (1) sUPNOND(10)
COMMON/ATMPNTS/XAIM(100),YAIM(100)
COMMON/EWEP/IWNUM(10) »RELBL (10) vEFFTAR(19910) vEFFNON(1g910)
COMMON/SLRATCH/PKT(109100100) ¢PKN(10+109100) ¢ IPRESAL (1000)
1TARSURV (10) o IBTNAL(1000) sBTNTS(10) oyNTV (1) oSV IFLAGINFLAGIBTNNTS
29BTNNTV(10) o NONFLAG
REAL NTV
INTEGER ITEMPAL (1000)
INTEGER ITEMST(1000)
00 9000 LLm]sM
ITEMST(LL) =g
CONTINUVE
BTNNTS®9999999999,
MaNOWEAP®NOA IM
DO 1 Kmlom
IPRESAL (K) =m0
CONTINVE
BEGIN ENUMERATJION
CHECK ZERQ VECTOR FOR FEASIBILITY
CALL TARS
I1F(IFLAGeNE.0)GO TO 100
IF HERE® NO ADDITIONAL WEAPONS ARE NEEDEp
CALL NTS
1F (NONFLAGoNE+0) RETURN
BTNNTSaSV
D0 10 K=4,NONON
BTYNNTV(K) aNTV (K)
CONTINYE
DO 11 Ks),M
I8TNAL (X) s IPRESAL (K)
CONTINUE
D0 12 K=l ,NOTAR
BTNTS (K) ®TARSURV (K)
CONTINUE
RETURN
THIS SECTION COMPUTES NEXT ALLOCATION
DO 315 J®] ¢NOAIM
D0 315 I®]+NOWEAP
KKKs e (Jo}) aNOWEAP
IF(IPRESAL (KKK)oLT.IWNUM(I))@O0 TO 320
IPRESAL (KKK) =0

315 CONTINUE

HERE IF IPRESAL WAS LAST ALLOCATION
RETURN

320 IPRESAL (KKK)SIPRESAL (KKK) el
399 CALL NuMBS

A-4




——

400

100
405

410
415

425
430
420

440
435

445
450

489
9005
9010
9015
C
9020
495

500

IF (NFLAG¢EQ,1)G0 TO 600

CALL TARS

IF(IFLAG.NE,1)G60 TO S00

HERE IF ALLOCATION INFEASIBLE
STORE IPRESAL

00 405 Km1,M
ITEMPAL (R) sTPRESAL (K)
CONTINUE

NOW TO COMPUTE IPRESALSTARe=]
00 410 K=)oM
IF(IPRESAL (K) «EQe0)GO TO 4l0
IPRESAL (R) =0

60 TO 415

CONTINUE

1F (KeGEeM)BO TO 420

Leke]l

00 425 KS_M

Ju(K=1) /NOWEAP

InK=NOWEAP®

IF (IPRESAL(K) LT« IWNUM([))GO TO 430
IPRESAL (K)=0

CONTINUE

G0 TO 420

IPRESAL (K)sIPRESAL (K) ]

GO TO 435

DO 440 I=) NOWEAP

DO 440 J®]¢NOAIM
KKKBI¢ (J=]1) aNOWEAP
IPRESAL IKKK) mIWNUM(T)
CONTINUE

60 TO 480

00 445 Jm) ¢NOAIM

DO 445 [=),NOWEAP
KKKsle (Jo)) ®*NOWEAP

IF (IPRESAL (KKK) +NE# () GO TO 45¢
IPRESAL (KKK)sIWNUM(T)
CONTINUE

IPRESAL {KKK) sIPRESAL (KKK) «]
NOW WE MAVE IPRESALSTAR =]
DO 9005 LL=)oM

IF CITEMST (LL) eNEIPRESAL (LL))GO TO 9010
CONTINYE

6o TO 9029

DO 9015 LL®) oM

ITEMST(LL) =IPRESAL (LL)
CONTINUE

CALL TARS

IF(IFLAGeNE.0)GO TO 310

HERE IF IPRESALSTAR =1 1S FEASIBLE
CONTINUE

DO 495 K=j¢M

IPRESAL (R)mITEMPAL (K)
CONTINUE

G0 TO 310

CALL NTS

IF (NONFLAGeNE+0)GOT0600

8010 IF(SY,GE<BTNNTS)GO TO 600

c

HAVE FOUND A NEw OPTIMUM

A=5




00 510 K®y¢M
IBTNAL (R) s IPRESAL (K)
$10 CONTINUE
DO 515 I®=)sNOTAR
BINTS(I)®TARSURV(])
515 CONTINUE
BTNNTS=SV
00 520 I™] ¢NONON
BINNTV(I)eNTV(])
$20 CONTINYE
SKIP TO IPRESALSTAR
600 DO 610 K®) M
IF (IPRESAL (K) 4EQ40)GO TO 6l0
1PRESAL (K) =g
G0 TO 620
610 CONTINUE
620 IF(KeGEeM) RETURN
LeKel
00 625 KsLy¢M
Ju (K=1) /NOWEAP
IIK.NOhEAP.J
IF (IPRESAL (K) oLT.IWNNUM(I))GO TO 630
IPRESAL (K) =0
625 CONTINUE
RETURN
630 IPRESAL(K)SIPRESAL(K)e}
Go TO 399
END
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SUBROUTINE TARS
COMMON/LIMITS/NOTARyNONONsNOAIMyNOWEAP
COMMON/TARGETS/XTAR(10) s YTAR(10) +DEST(10)
COMMON/NONTAR/XNON(10) 9 YNON(10) 9 FACTOR(10) s UPNOND (10)

COMMON/ATMPNTS/XAIM(100) +YAIM(100)
COMMON/EWEP/TWNUM(10) yRELBL (10) 9EFFTAR(10010) +EFFNON(10+10)
COMMON/SLRATCH/PKT(109100100) 4PKN(109109100) 9 IPRESAL(1000),
LTARSURV (T0) o IBTNAL(1000) oBTNTS(10) sNTV(10) 1SV IFLAG,NFLAG,BTNNTS
C9BTNNTV(10) yNONFLAG

DO10M=l9eNOTAR

TSURVEl,

DOS0I=]sNOWEAP

D0SO0UslyNOATM

KKK-]o(g'l)'NOHEAP

IF (IPRESAL (KKK) oLE«0) @OTOS0

IF (PKT(M3I0J) eGEe1e)B09

TSURVEQ.

GO TO SO

PSu(] o "PKT(MpI,oJ))®eIPRESAL (KKK)

TSURVeTSURVepS

CONTINUE

ARE CONSTRAINTS SATISFIED

Wwae] o=DEST (M)

IF (TSURVeGT  WW) 607

IFLAGE]

RE TURN

TARSURYV (M) ®] ¢ =TSURV

CONTINUE

IFLAG=Q

RE TURN

END
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50

10
1000

SUBROUTINE NTS
COMMON/L IMITS/NOTARyNONON,NOAIMy NOWEAP
COMMON/TARGETS/XTAR(10) 9 YTAR(10) 9DEST(10)
COMMON/NONTAR/XNON(10) s YNON(10) ¢ FACTOR (19) s UPNOND (10)
COMMON/ATMPNTS/XAIM(100) ¢ YATM(100)
COMMON/EWEP/IWNUM(10) sRELBL(10) 9EFFTAR(19910) +EFFNON(10s10)
COMMON/SCRATCH/PKT(109100100) yPKN(109100100) ¢ IPRESAL (1000),
1TARSURV (10)  IBTNAL (1000) »RTNTS(10) oNTV(10) 1SV IFLAGNFLAG,BTNNTS
208TNNTV(10) yNONFLAG
REAL Nty
Svs(.
001000N=] s NONON
TE"PSVIII
DOSoI-l-ﬂouEAP
0050JmlgNOAIM
KKK=]¢ (J=]1) oNOwEAP
1F (IPRESAL (KKK) ¢LE«n) GOTOS0O
IF(PKN(NoIoJ).GE.1.)809
TEMPSVm0,
60 TO 50
PSm(]1o=PKN(NsIoJ))®®IPRESAL (KKK)
TEMPSVETEMPSVePS
CONTINUE
WWml o =TEMPSY
1F (MW GTeUPNONDIN)) 7010
NONFLAGE!
RE TURN
SVeSVeFACTOR (N) ®Ww
NTV(N) SFACTOR(N) ®ww
CONTINUE
NONFLAGSQ
RE TURN
END




SUBROUTINE NUMBS
COMMON/LIMITS/NOTAR,NONON,NOATMsNOWEAP
COMMON/TARGETS/XTAR(10) 9 YTAR(10) ¢DEST(10)
COMMON/NONTAR/XNON(10) s YNON(10) s FACTOR(10) s UPNOND (10)
COMMON/ATMPNTS /XAIM(100) 4YAIM(100)
COMMON/EWEP/TWNUM (19) +RELBL(10) vEFFTAR(19910) «EFFNON(19910)
COMMON/SCRATCH/PKT(109109100) yPKN(104109100) 9 IPRESAL(1000)
JTARSURY (10) y IBTNAL (1000) 9BTNTS(10) sNTV(10) SV IFLAGINFLAGyBTNNTS
298TNNTV (10) yNONFLAG
0011=) o NOWEAP
ISUM=(
D02Vm) s NOA M
KKK®1e (J=)) oNOWEAP
ISUMSTPRESAL (KKK) ¢ ISUM
CONTINVE
IF (1SUMSLE.IWNUN(T))GOTOL

NFLAG=1
RE TURN
CONTINVE
NFLAG=Q
RETURN
END




10
15

2v

25
26

111
30
35

36
4l
45
S0
55
56

60
65

70
71

100
101

SUBROUTINE oUT
COMMON/LIMITS/NOTARyNONON,NOATMy NOWEAP
COMMON/TARGETS/XTAR(10) s YTAR(10) +DEST (10)
COMMON/NONTAR/XNON(10) s YNON (10) o FACTOR (1) »UPNOND (10)
COMMON/ATMPNTS/XAIM(100) ,YAIM(100)
COMMON/EWEP/IWNUM(14) yRELBL (10) 7EFFTAR(10010) vEFFNON(10910)
COMMON/SCRATCH/PKT(100109100) 4PKN(10+109)00) +IPRESAL(1000),
1YARSURv1i8).IeTNAL(loOO)oaINTstlo).NTV(lo)osv.lrLAG.NrLAG.aTNNTs

€48 TNNTV (40) ,NONFLAG

REAL NTV

PRINTS

FORMAT (1H) s ®PROGRAM MDL®)
PRINTIO

FORMAT (1H=y®INPUT DATA®)
PRINT1ISsNOTAR
FORMAT (1Ha s ®TARGETS (®914,%) @)
PRINT20

FORMAT (1Hg9®TARGEY NUMBER®96X9®X COORDe®,7X9®Y COORDe®s6Xy
leprog, OF DEST.*/)

Do261m19NOTAR

PRINT2S91 4 XTAR(]) o YTAR(]I) oDEST(])

FORMAT(LH o7Xs1Co10XoF104395X,FL0e395X9F1043)

CONTINUE

PRINT111

FORMAT (] He)

PRINT309NONON

FORMAT (lHa 9 ®NONTARGETS (®el49®)®)

PRINT3S

FORMAT(1HQ s®NONTAR NUMBEH® 96X o®X COORD.®,7Xe®Y COORDe®¢12Xy
L®VALUE®Y 7X¢®DAMAGE LIMITe/)

0041 1=19NONON

PRINT369 o XNON(I) 4 YNON(I) yFACTOR(I) yUPNOND ()

FORMAT (1H 07"IZOIOXOF]003'SX'Flaia|5x'F10-3'5X|F10.3)
CONTINUE

PRINT111

PRINTASoNOAIM

FORMAT (1Hay®AIMPOINTS (®y[4®)e)

PRINTSO

FORMAT (1M0 o ®ATMPNT NUMBER®,6X,®X COORD.®,7X,oY COORDe®/)
00561=) +NOAIM

PRINTSSeloXaIM(]I) oYAIM(])

FORMAT(1H 96X9I13910XeF10e395XeF1l0e3)

CONTINUE

PRINT111

PRINTG0 s NOWEAP

FORMAT (1M=y®WEAPON CLASSES (®y149®)®)

PRINT6S

FORMAT (1H0,eCLASS NUMBER®,5X,eTOTAL AVAI_ABLE®,5X,®RELIABILITYe,
17)

D07118] ¢y NOWEAP

PRINT709 14 IWNUM(I) oRELBL (1)

FORMAT (1IN ¢5X912915X914915XsF10.3)

CONTINUE

PRINT100

FORMAT (1 Hay®WEAPON=TARGET EFFECTIVENESS TABLE®)
PRINT lo!

FORMAT(1Hey® /TARGETe)
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PRINT102
102 FORMAT(1H ¢oWEAPON/®)
PRINT1039(IsImlyNOTAR)
103 FORMAT(1HQ914X912,9(8Xs12)7)
0010SI™1 ¢NOWEAP
PRINT]I? lv(EFFTAR(I{J)oJ- sNOTAR)
110 FORMAT(IH ,4Xye]294Xsl0Fl0,
105 CONT!NU§
PRINT111
PRINT200
200 FORMAT (1He¢®WEAPON=NONTAKGET EFFECTIVENESS TABLE®)
PRINT201
201 FORMAT(1Heye /NONTARGETe)
PRINT 102
PRINT2039 (19 1m) s NONON)
203 FoRMAT(IN0018X412,9(8Xe]12)7)
DOZOSIIIONONEAP
PRINT21001 o (EFFNON(IsJ) 9 Jul,NONON)
210 FORMAT(1H 44XsI2+4Xs10F10,3)
205 CONTINUE
PRINT]11
PRINTI1L
PRINT1005
1005 FORMAT(*H-;OALLOCATION RESULTS®)
IF(BTNNTS,LT.9999999999.)G6UTO1100
PRINT1010
1010 FORMAT(}HgyeIT IS IMPOSSIBLE TO MEET THE TARGET DAMAGE CONSTRAINTS
l=<PROBLEM INFEASIBLE®)
Rg TURN
00 PRINT 1125
25 FORMAT(1Hpo®FOLLOWING IS THE OPTIMAL ALLOCATIONS)
PRINT1130
1130 FORMAT (1HQo®WEAPON CLASS®sSXs®AIMPOINT® 95X s oNUMBER ASSIGNED®/)
001136131 yNOWEAP
001136J%1 yNOAIN
KKK=]e (J=1) eNOWEAP
IF (IBTNAL (KKK) ,LE,0)GOTO1]136
PRINT113591+J9IBTNAL (KKK)
1135 FORMAT(IH 45Xs12913X913410X0e110)
1136 CONTINUE
PRINT111
PRINT1205
1205 FORMAT (lHes®TARGET DAMAGEe®)
PRINTL210
1210 FORMAT (1Ha9®TARGET CLASS®¢5X®RESULTING PROB, OF DEST,®s5Xs®SPECIF
11ED PROBe OF DEST,*/)
0o 12161'10NOTAR
PRINT 12 5o£ogTNTstx)oDEST(1)
1218 FoRnATlln Xo12014XeF10e391TXsF1043)
1216 CONTINYE
PRINTI11
TOoT=Q.
D012201%1 3 NONON
TOT=TOT*FACTOR(I)
1220 CONTINUE
PRINT1225,T07
1225 FORMAT(IHO"ORIGINAL TOTAL NONTARGET VALUE WAS ®*srl0e3)
PcuB8TNNTS/TOT®)100,

o s
P s
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PRINT1230,BTNNTS,PC
1230 FORMAT (1H=9®#TOTAL EXPECTED NONTARGET VALUE DESTROYED IS ®¢Fl0.3,
le  OR ®,Fl0,3+® PERCENT«*®)
PRINT111
PRINT1235
12351F0RHAT(l"-oOINDIVIDUAL NONTARGET EXPECTED VALUE DESTROYED LISTED 8
ELOW®)
PRINT1240
1240 FORMAT (1H=y@NONTARGET NUMRER®,5X,®ORIGINAL VALUE®,5X+
1®*EXPECTED VALUE OESTROYED®s)10X o ®*PERCENT®,SX#*SPECIFIED MAXIMUM (PE
2RCENT) */)
00 12461m1,NONON
wWwW=100+*UPNOND ()
PCCOBTNNTY (1) /FACTOR(I)®*100,
PRINT1245,1,FACTOR(I) sBTNNTV (1) sPCCoWWW
1245 FORMAT(IH ¢7R012s14XoF10e3014xX90F1063015X,F10,3910%sFl0.3)
1246 CONTINUE
RETURN
END
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INPUT SPECIFICATIONS

Refer to problem P° for notation.

Core requirements impose the following limits:

M < 10
N 10
J 100
I 10

IN A

IA

Card Name

LIMITS

TARGET
(1 card each)

NONTARGET
(1 card each)

AIMPOINT
(1 card each)

WEAPON
(1 deck each)

Input Parameters

M, N, J, I

X
m? ym’ m

Format

4110
3F10.6

4F10.6
2F10.6

I10,F10.6
8F10.6/2F10.6
8F10.6/2F10.6







